word count: 154 20 Text word count (excluding references and figure legends): 4064 21 22 ABSTRACT 23 24 Inaccurate data in scientific papers can result from honest error or intentional falsification. This 25 study attempted to determine the percentage of published papers containing inappropriate 26 image duplication, a specific type of inaccurate data. The images from a total of 20,621 papers 27 in 40 scientific journals from 1995--2014 were visually screened. Overall, 3.8% of published 28 papers contained problematic figures, with at least half exhibiting features suggestive of 29 deliberate manipulation. The prevalence of papers with problematic images rose markedly 30 during the past decade. Additional papers written by authors of papers with problematic 31 images had an increased likelihood of containing problematic images as well. As this analysis 32 focused only on one type of data, it is likely that the actual prevalence of inaccurate data in the 33 published literature is higher. The marked variation in the frequency of problematic images 34 among journals suggest that journal practices, such as pre--publication image screening, 35 influence the quality of the scientific literature.
INTRODUCTION
splices are of potential concern but do not necessarily indicate inaccurate data 135 representation. 136 • Beautification. Part of the background of a blot or gel where no band of interest is 137 expected may show signs of patching, perhaps to remove a smudge or stain. This is not 138 considered to represent best practice according to contemporary guidelines for data 139 presentation (14) but does not necessarily indicate inaccurate data representation. 140 Although researcher intent could not be definitively determined in this study, the three 141 categories of duplicated images were felt to have different implications with regard to the 142 likelihood of scientific misconduct. Category I (simple duplication) images are most likely to 143 result from honest errors, in which an author intended to insert two similar images but 144 mistakenly inserted the same image twice. Alternatively, simple duplications may result from 145 misconduct, for example, if an author intentionally recycled a control panel from a different 146 experiment because the actual control was not performed. Category II (duplication with 147 repositioning) and category III (duplication with alteration) may be somewhat more likely to 148 result from misconduct, as conscious effort would be required for these actions. 149 In our study, a paper was classified as containing an inappropriate duplication when at 150 least one category I, II, or III problem was identified. Papers were classified according to the 151 highest category of duplicated image; e.g., a paper containing both category I and category II 152 images was classified as a category II paper.
authors might be more careful in preparing images for publication in such journals, the 179 relationship between the prevalence of image duplication and journal impact factor was 180 examined (Fig. 6 ). For this analysis, only papers published between 2005 and 2014 were 181 included, because the prevalence of problematic images was lower in older publications, and 182 older papers were only evaluated for selected journals. A negative correlation between image 183 duplication and journal impact factor was observed (Pearson's correlation; p--value 0.019), with 184 the lowest percentage of problematic images found in journals with high impact factors. The not part of the present study, has also instituted a manual screening process for aberrant 250 images (18). Our findings are consistent with the notion that greater scrutiny by journals can 251 reduce the prevalence of problematic images. However, this is likely to require a concerted 252 effort by all journals, so that authors of papers with problematic data do not simply avoid 253 publication in venues that employ rigorous screening procedures. 254 The by Oksvold and found the average percentage of problematic papers in these journals to be 6.8, 316 which is closer to our findings for other journals. Moreover, our study included more than 317 20,000 papers from 40 journals; in addition to more rigorous inclusion criteria, we required 318 consensus between three independent examiners for an image to be classified as containing 319 inappropriate duplication, ensuring a low false--positive rate.
320
The high prevalence of inaccurate data in the literature should be a finding of 321 tremendous concern to the scientific community, since the literature is the record of scientific Selection strategy 338 A total of 20,621 papers were selected from 40 different scientific journals in the fields of 339 microbiology and immunology, cancer biology, and general biology. These journals were 340 published by 14 organizations (average of 2.9 journals per publisher, range 1--6) ( Table  S1 ). All 341 journals included in the search were indexed in PubMed, with a mean impact factor of 6.9 PLOS ONE (Fig. 1) . The large number of PLOS ONE papers analyzed reflects both the journal 354 format, which facilitates image analysis, and the fact that PLOS ONE is currently the world's 6000 7000 8000 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4
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